Background: Poor adherence to guidelines aimed at reducing the incidence of postoperative nausea and vomiting (PONV) is well known. In a before-and-after study, we tested the effectiveness of a simplified algorithm for PONV prophylaxis on the incidence of PONV. Methods: In the first audit, we examined the adherence to our institutional guidelines for PONV prevention. In response to the results of this audit, we introduced a simplified algorithm for PONV prevention [female patients receiving triple prophylaxis (dexamethasone and ondansetron plus either a target-controlled infusion with propofol or droperidol) and male patients receiving double prophylaxis, dexamethasone, and ondansetron]. The impact of the simplification of the PONV algorithm was evaluated in a second audit. In both audits, we reviewed the medical records of all adult patients undergoing elective non-cardiac non-day-case surgery under general anaesthesia and being admitted to our postanaesthesia care unit during two arbitrarily chosen weeks. We assessed the incidence of nausea, vomiting, and PONV after 1 and 24 h, and the compliance with the departmental algorithm for PONV prophylaxis. Results: After simplification of the PONV algorithm, the overall incidence of PONV within 24 h after surgery was significantly lower than before the implementation of the simplified PONV algorithm (22% vs 33%, P¼0.02). The PONV incidence within 1 h was comparable between the audits (11% vs 14%, P¼0.45). The adherence to departmental guidelines for PONV prophylaxis was significantly higher after the implementation of the simplified PONV algorithm (46% vs 18%, P¼0.0001). Conclusions: A simplified algorithm for PONV prophylaxis resulted in a significant reduction in the PONV incidence and better compliance with the PONV algorithm.
Editor's key points
Identification of patients at risk of PONV and appropriate anti-emetic prophylaxis are poorly done, especially by junior staff. A simplified algorithm, weighted towards nearuniversal PONV prophylaxis, was evaluated. This study demonstrates clinically important improvements in PONV prophylaxis and resultant risk reduction in PONV.
Postoperative nausea and vomiting (PONV) is amongst the most frequently occurring complications in patients undergoing surgery with general anaesthesia. 1 PONV has been described as the 'big little problem' of anaesthesia, referring to the fact thatddespite being for patients the most undesirable outcome after surgerydPONV has been ignored or at least considered to be inevitable by anaesthesiologists for a long time. 1, 2 In fact, anaesthesiologists should consider PONV
prophylaxis as an essential part of high-quality care, as important as providing sufficient pain relief. Awareness for unambiguous risk assessment and prediction, the implementation of a departmental PONV management algorithm, and the repetitive evaluation of patients' outcome are crucial for quality control and management. 3 An extensive body of research exists on the causes, prediction, prevention, and treatment of PONV, which has resulted in the development of risk scores, guidelines, and evidence-based treatment protocols. 4, 5 Unfortunately, limited knowledge of the guidelines and low adherence to them are a well-known problem. 6, 7 The first consensus guidelines for the management of PONV were published in 2003, 8 with updates in 2007 and 2014. 5, 8, 9 In accordance with the latest version of these guidelines, we introduced our departmental algorithm for PONV prophylaxis in 2014.
As part of a continuous quality control, in 2016, we performed the first institutional audit to assess the incidence of PONV in patients undergoing surgery under general anaesthesia outside the surgical day-case centre. We also evaluated compliance with the departmental guidelines for the prevention and management of PONV. The results of this first audit prompted us to simplify our institutional algorithm for the prophylaxis of PONV. The impact of this simplification was assessed in a second quality audit approximately 1 yr after the implementation. We hypothesized that the simplified guidelines would result in a lower overall PONV incidence, driven by a better compliance with the algorithm for PONV prevention.
Methods

Study design and intervention
We used a quasi-experimental design by performing an uncontrolled before-and-after study to assess the provider performance before and after the introduction of the simplified institutional guideline for PONV prophylaxis in our department. 10 For this, the first quality audit was performed during an arbitrarily chosen period of 5 working days [from Tuesday, January 12, 2016 until Monday, January 18, 2016 (with exclusion of the weekend)]. At this time, our departmental algorithm for the prevention and management of PONV recommended a risk-adapted strategy in accordance with the most recent international guidelines (Fig. 1) . 
Study population
We included all adult patients (18 yr) admitted to our postanaesthesia care unit (PACU) who had undergone elective non-cardiac non-day-case surgery under general anaesthesia. The exclusion criteria were emergency procedures for which no preoperative data were available and patients expected to require overnight ventilation.
Study site
In the central operation suite, our department annually provides anaesthesia care for >19 000 non-cardiac surgical procedures in 20 operation rooms. In 2016, these procedures included procedures after which patients were admitted to the intensive care unit (n¼273), emergency surgeries (n¼166), and procedures in children (n¼131). After the exclusion of these patients, the number of eligible procedures was 13 030 for the whole year. This results in 251 procedures per week that were eligible for the audits. All operation rooms are staffed with residents in all stages of their specialization (1ste5th year of residency) who were supervised by anaesthesia consultants in a 1:3 ratio; 75% of supervisors and 30% of residents working in our department were present in both periods of the audits.
For elective surgery, all patients were preoperatively assessed in a specialized pre-anaesthesia consultation, in which four residents work under the supervision of one consultant. As part of the preoperative evaluation, the residents are asked to document the presence/absence of the four established PONV risk factors: female sex, non-smoking, history of PONV/motion sickness, and postoperative use of opioids. 11 With this information, the hospital information system automatically calculates the Apfel risk score, 11 which is then indicated on the preoperative evaluation sheet that accompanies the patient into the operation room. Neither the anaesthesia consultants nor the residents were aware of the performance of the audits.
Data documentation
The medical records of the included patients were reviewed by a research collaborator and an anaesthesiologist. Appropriate data were retrieved from the preoperative anaesthesia evaluation sheets (digitally stored in our hospital information system), from the intra-and postoperative anaesthesia records (manually written, scanned, and digitally stored in our hospital information system) and, for all events occurring after discharge from the PACU, from the electronic medical records (also digitally stored).
The following information was documented: sex, age, ASA physical status, the documented Apfel risk score (which is automatically calculated by our hospital information system after entering the risk factors and printed on the preoperative evaluation sheet), the 'true' Apfel risk score (as recalculated by the audit team on the basis of the available information), the numeric rating scale for nausea (0¼no nausea, 10¼worst nausea ever) in PACU and after discharge from PACU (assessed in clinical routine every 4 h), the presence or absence of vomiting in PACU and after discharge from PACU (assessed in clinical routine every 4 h), anti-emetics given for prophylaxis and treatment of PONV during the first 24 h after surgery, and the type of anaesthesia.
Study outcomes
All outcomes were assessed prior to and after implementation of the modified PONV algorithm. The primary outcome was the incidence of PONV within 1 and 24 h after surgery.
Secondary outcomes included, 1) the incidence of postoperative nausea (PON) and the incidence of postoperative vomiting (POV) within 1 and 24 h after surgery; 2) whether or not the PONV risk had been correctly calculated during the preoperative evaluation; 3) the compliance with the riskadapted departmental algorithm for PONV prophylaxis (defined as the correct application of the algorithm, i.e. whether or not the recommended prophylactic measures were administered); 4) the number and type of prophylactic anti-emetics administered per patient; and 5) the use of a rescue medication.
Statistical analysis
Data are described in absolute numbers and percentages. Fisher's exact and ManneWhitney U tests were used to compare groups. Uni-and multivariable logistic-regression models with a binomial logit link function were used for all binary outcomes. Poisson regression was used for count data (i.e. the number of anti-emetics). For the primary outcome, PONV after 1 and 24 h, an a level of 0.025 was considered to handle the multiple comparisons. For the 24 h PONV incidence, the multivariable logistic regression was adjusted for the baseline PONV risk, ASA classification, and duration of the procedure. In the logistic-regression analyses, the 10% and 20% Apfel risk strata were combined in order to get meaningful parameter estimates. This was necessary because of the low proportion of patients in the 10% risk stratum. All analyses were performed using GraphPad Prism, version 6 (GraphPad Software, Inc., La Jolla, CA, USA); SAS software, version 9.4 of the SAS System for Windows (SAS, Institute, INC., Cary, N.C., USA); and R, version 3.3.3 in RStudio (Rstudio, Inc., Boston, MA, USA).
Results
The study flow chart is shown in Fig. 3 . During the first audit, 257 patients were consecutively admitted to the PACU of which 46 patients could not be enrolled in our observation because of the presence of exclusion criteria (Fig. 3) . Of the 211 patients, 23 patients had already been discharged from the PACU within the 1st h of their stay, so that data on the 60 min incidence were not available. In these patients, the PONV incidence documented at 30 min, was used to impute the incidence at 60 min. The preoperative Apfel risk score had not been calculated in eight patients. During the second audit, 231 patients were consecutively admitted to the PACU. In 30 patients, the exclusion criteria were present, resulting in 201 patients that were included in the analysis (Fig. 3) . The preoperative Apfel risk score had not been calculated in 10 patients. The baseline and intraoperative data of the included patients are shown in Table 1 .
Primary outcome
Before the simplification of the PONV algorithm, the overall incidence of PONV within 24 h after surgery was significantly higher than after the implementation of the simplified PONV algorithm, 33% (69/211) vs 22% (45/201), P¼0.02. This corresponds to a relative risk reduction of 33%. The difference in the 24 h PONV incidence remained statistically significant when controlling for different confounders (see Table C in the Supplementary material). The incidence of PONV within 1 h was not significantly different between the audits (11% vs 14%), P¼0.45.
Secondary outcomes
The incidences of PON and POV within 1 h, and PON and POV within 24 h after surgery were not improved by the new PONV algorithm ( Table 2) .
Validity of the Apfel score in the study population
In the logistic-regression analysis, the PONV incidences within 60 min and 24 h after operation were significantly related to the Apfel risk strata (see Table A in the Supplementary material).
Accuracy of the preoperative calculation of the PONV risk
The implementation of the simplified algorithm had no impact on the accuracy of the calculation of the Apfel score during the preoperative evaluation. The preoperative determination of the Apfel score was correctly performed in only 36% (73/203) in audit 1 and in 42% (81/191) in audit 2, P¼0.21.
Compliance with the departmental algorithm for PONV prophylaxis
We observed between both audits a significant improvement in the number of patients that had received the appropriate PONV prophylaxis (in agreement with the prevailing PONV algorithm that was effective during the respective audit) ( Table 2) . Likewise, the number of prophylactic anti-emetics administered to the patients was significantly higher in audit 2 than in audit 1, also after controlling for the Apfel risk stratum ( Table 2, and Table B in the Supplementary material).
After the implementation of the new algorithm, significantly fewer patients received no anti-emetics at all or a single prophylaxis than in audit 1. Moreover, significantly more patients received a dual, triple, or quadruple pharmacological prophylaxis ( Table 2) .
Use of rescue anti-emetics
The use of rescue medication during the 1st postoperative h differed not significantly between the two audits (P¼0.15). In the first audit, rescue medication had to be administered in 18 patients, receiving in total 28 anti-emetics. In the second audit, rescue anti-emetics were given in 10 patients, receiving in total 11 anti-emetics. For the 24 h observation period, we found a statistically significant difference between both audits. In audit 1, 58 patients received in total 102 anti-emetics, whilst 30 patients received in total 61 anti-emetics in audit 2 (P¼0.002).
Discussion
After the introduction of the simplified PONV algorithm, we found a significant and marked reduction of the PONV incidence in our institution. Likewise, the implementation of this simplified PONV algorithm resulted in a significantly increased adherence to the new departmental PONV guidelines.
Low adherence to PONV guidelines is a well-known problem 12, 13 and heavily debated in the literature. 3, 14 Also, in our institution, we observed an unacceptable low compliance with the departmental algorithm for PONV prophylaxis during the first audit, with only 22% of the patients receiving the recommended PONV prophylaxis. It remains controversial how difficulties usually encountered during and after the implementation of an algorithm aimed at the prevention and therapy of PONV are best addressed. Some authors have advocated a strictly risk-adapted preventive strategy for PONV prophylaxis 15 for which automated reminders have been proposed to improve guideline adherence. 6 For such an approach, a correct PONV risk estimation is, however, mandatory. Given the incorrect estimation of the PONV risk in a large proportion of our patient population and the disappointing compliance to our risk-adapted algorithm, we were sceptical whether a complex risk-adapted approach should have been further pursued. Our scepticism was further fed by the observations of a recent trial, in which even the introduction of an automated calculation and signalling of the individual PONV risk was not associated with a reduction in the incidence of PONV. 14, 16 Obviously, the mere knowledge of a predicted risk is not sufficient enough for clinicians to adapt their clinical routine.
In an attempt to overcome the problems resulting from low adherence to risk-adjusted PONV management algorithms, other authors have advocated the liberal use of a multimodal anti-emetic protocol for all patients, 17 irrespective of the exact underlying PONV risk. As a compromise between these two aforementioned strategies (risk adapted vs 'one fits all' PONV prophylaxis), we implemented a radically simplified risk-adapted approach in order to increase the compliance with the PONV algorithm and to decrease the incidence of PONV. As a consequence of the female gender being an independent risk factor for PONV, nearly all our female patients have a predicted PONV risk of 60% (the majority being non-smokers and receiving postoperative opioids). We therefore decided to administer a triple prophylaxis in all female patients (consisting of dexamethasone, and ondansetron plus either a target-controlled infusion with propofol or droperidol). All male patients received a double prophylaxis (consisting of dexamethasone and AUDIT 1 Assessed for eligibility (n=257)
Missing data (n=8)
• No preoperative calculation of the Apfel risk score (n=8)
Missing data (n=10)
• No preoperative calculation of the Apfel risk score (n=10) ondansetron). It remained at the discretion of the attending anaesthesiologist to add further prophylaxis should the individual risk assessment result in an even higher predicted PONV risk. Hereby, we applied the general multimodal prevention strategy, as recommended in the latest update of the consensus guidelines for the management of PONV from the Society for Ambulatory Anesthesia. 5 We acknowledge that our study suffers from several limitations. First, we examined the records of the patients admitted to the PACU during only two arbitrarily chosen weeks. Second, the before-and-after design is known to overestimate the effects of the intervention, 10 that is, a potential
Hawthorne effect. 18 Third, the study sample might not reflect the population incidence. Fourth, in our institution, all clinical guidelines are introduced by means of a lecture given to the residents in their preparation year; the first audit occurred 5 months, and the second audit occurred 4 months, after their commencement. Fifth, our simplified algorithm (all men to receive two anti-emetics and all women three anti-emetics) might result in an overtreatment of patients with only few risk factors (at least according to the international PONV guidelines of 2014). 5 Our simplified algorithm fits however in a general multimodal and liberal approach for the prevention of PONV. 17, 19, 20 Sixth, we found in the two audits that despite the implementation of automated support, the PONV risk was correctly calculated only in 36% (audit 1) and 42% (audit 2) during the preoperative evaluation of the patients. Possible reasons for this disappointing inaccuracy might be a lack of attention or time constraints on the preoperative consultation.
To resolve this lack of attention, the PONV-risk should be completely automatically assessed and linked to a reminder of the institutional PONV-algorithm. 6, 21 Seventh, it remains unclear if the reduction of the PONV incidence has to be attributed mainly to the introduction of the simplified algorithm, to an improved compliance with this algorithm, or to an increased number of anti-emetics given in the second observation period.
Conclusion
The introduction of a radically simplified and mainly sexcentred PONV algorithm for the prophylaxis of PONV resulted in a significant reduction of the PONV incidence and in a better compliance with the institutional algorithm.
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